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Sky lab scenes from three areas In Pennsylvania were studied. Photography 
from the S190A and S190B sensors were first compared. It was found that major 
drainage, ridges, and limestone quarries (with verification from aircraft photography) 
were visible on all of the photography. With the exception of S190A stations 1 and 
2 (0.7 to 0.8 and 0.8 to 0.9 piUt respectively), forests versus agricultural land; 
second order drainage; colcr/cone variations in water bodies due to silt; and 
major cultural features, such as railroad rights-of-way, la-ge industrial 
buildings, and roads (some with verification from aircraft photography) were 
seen on all the photography. S190A stations 1 and 2 photographs were useful 
primarily for identification of water bodies and major gaps in the ridges. 


The S190B photography, which was identified in the above analysis as 
clearly superior to any of thi S190A photography, was then studied for terrain 
features. The following i lentlf Icatlons were successfully made: 


1. relief differences of 600 to BOO feet (rarely features of lower 
relief) , 

2. regional geologic features and regional strike and dip, 

3. wind and water gaps and drainage above second order (changes in 
drainage density were important indicators of geology), 

4. forest vegetation versus patterns of fields (individual crops 
could not be identified), 

5. soil associations on the level of the soil association maps 

prepared by the Soil Conservation Service, / 

6. urban versus suburban and Industrial versus agricultural land uses, j 

7. utility .ad railroad rights-of-way, quarries, and large industrial 
buildings (occasionally concrete hlgh^^ay8 could be differentiated 
from asphalt), and 

8. silted versus clear water in rivers and lakes. 
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PHOTOINTERPRETATION OF SKYLAB PHOTOGRAPHY 


H. A. Weedetii C. Kleeman, S. Daelhousen, and G. Hesler 


This study was undertaken to determine the limits of refinement 
within which landscape units could be identified from Skylab photo- 
graphy. The project was approached from an engineering (practical) 
point of view. The area of interest was the Susquehanna River Basin 
within the State of Pennsylvania, for which ORSER had received various 
photographic forms of data from the S190A and S190B sensors onboard 
Skylab, collected on the third (SL3)and fourth (SL4) missions. 

Initially, all the photographic forms available in the ORSER 
laboratories for this area were reviewed. Selected scenes from these 
were then compared, in order to determine the sensor/film/f liter 
combination best suited for photointerpretlve analysis. Three scenes, 
representing several different physiographic sections and two seasons 
in Pennsylvania, were then studied, using the photographic format 
previously chosen to be the most promising for analysis. 

METHOD OF INVESTIGATION 

Skylab photography, taken at an altitude of approximately 270 
miles, was analyzed here using techniques for aerial photography 
Interpretation developed for civil engineering purposes. These 
techniques are described in detail In ORSER-SSEL Technical Report 17-75 
(Weeden, 1975). The data, methods, and results of this particular 
study are described below. 

Sensor and Fllm/Filter Characteristics 


Sk^> .. 


Two cameras, the S190A and the S190B, provided the photographic 
transparencies studied in this Investigation. Table 1 lists the major 
characteristics of these two camera systems. The S190A, a multispectral 
photographic camera, consisted of a bank of lens stations which 
simultaneously recorded six frames within specified bandwidths of the 
photographic spectrum. Two infrared black and white, two panchromatic 
black and white, one infrared color, and one high resolution color 
positive photograph were simultaneously exposed at each photo position. 

The S190B photography consisted of one high resolution color positive 
transparency for each frame of study. A summary of the camera, accessory, 
and film package characteristics appears in Table 2. Technical data on 
the individual films can be found in Table 3. 

Aircraft 


Aircraft photography was used to re-eval'iate Skylab photography, 
after an initial study of the Skylab photography had been made without 
such aid. Evaluations were made of specific aircraft underflight s:enes 
covering selected portions of each Skylab test site. A summary of the 
aircraft data used, by scene location, is provided in Table 4. 
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Table 1: Skyiab Camera Char ocCerisClcs 


S190A 

Multlspectral photographic camera 

Six f/2.8 lenaes with 6 inch focal length 

101 X 101 statue mile field of view 

Original film size: 70 x 70 mm, with 2.5 x 2.5 Inch 

format 

Original scale: 1:3,000,000 

Scale of 9 X 9 inch enlargements: 1:690,000 


S190B 

Earth terrain camera 

A single f/4 lens with 18 Inch focal length 
69 X 69 statute mile field of view 

Original film size: 5x5 inches with 4.5 x 4.5 inch 

format 

Original scale: 1:920,000 

Scale of 9 X 9 Inch enlargements: 1:500,000 
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Tabic 2: Sky lab FllB/Flltar Charjictarlatlca 


Sanaor 

Camera 

Station 

Film Package 

F^and width 
with filter 

(ua) 

Approximate I 
Color Range 

Reaolutlon 

(Feet) 

S190A 

1 

IR Acrographlc 
B&W EX-2A2A 

0.7-0. 8 

Red to near 
IR 

210 


2 

Same ae above 

0.8-0. 9 

Rear XR 

230 


3 

Acrochromc 
IR Color EK-2AA3 

0.5-0.88 

Green to 
near IR 

200 


/» 

Aerial Color 
SO-3S6 

O.A-0.7 

Blue to red 

120 


5 

Pan-X Aerial 
B&W SO-022 

0.6-0.7 

Orange to red 

100 


6 

Same aa above 

0.5-0. 6 

Green 

100 

S190B 


Aerial Color 
SO-2A2 

0.5-0. 9 

Blue to red 

60 


Location of Study Araaa 

The Suaquehanna River Baaln la located In the central portion of 
Penraylvanla, bounded approximately by longitude To 4S'W and 78° 30'W« 

As aaan on Figure 1, nearly complete Sky lab covarage of thla area waa 
available from the combined data aourcaa of SL3 and SLA. Orbit AA of 
SL3 and orbit 73 of SLA provldad the beat coverage and ara the only 
orblta referred to In the remainder of thla report. Unfortunately, 
suaeonal variability of the data eourcea limited the degree of comparlaon 
poaalble between SL3 and SLA photography; however, it permitted 
aaecaament of aeaaonal advantagea or dlaadvantagea. NASA U2 and C130 
aeaaonal aircraft underflight photography waa available for limited 
reglona covered by the Skylab photography. 

Within the coverage 11ml ta of SL3 end SLA, epeelfle teet eltee 
were aclected to evaluate the Interpretive poteatiel of the Skyleb 
photography (Figure 2). Theae altea, well docuaanted in the eveileble 
literature, are repreaentetlve of aeverel Penney Ivenln phyelographic 
reglona. They are located In central and Bouth*eentral Fenneylvanle 
and ara Identified herein by the local prominent cultural feature of 
the area. The altea ara centered around Sayera Dam In Clinton County; 
th Harrlaburg area In Dauphin, Parry, York, and Cumberland Countlaa; 
at . the Reading araa In Bcrka County. Study gulden,. coaele ting of 
ground'truth Information on aach araa, wore prepared from the literature. 
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Table 3: Skylab Film Descriptions 


S190A Films 

Kouak Infrared Aerographic Black and White, EK2424 

-Sensitive from ultraviolet to Infrared (0.9ym) 

-Maximum sensitivity from 0.76 to 0.88um 
-Suited well for haze effects 

Kodak A;:rochrome Infrared Color. EK244 3 

-A "false color" film for Infrared discrimination 
-False color films differ from conventional films In that 
three layers are sensitized to green, red, and Infrared 
radiation rather than to blue, green, and red. 

-When used with yellow filter, as in the S190A: 

Green appears Blue 
Red appears Green 
IR appears Red 

Kodak Aerial Color. SO- 356 

-A Kodak special order color reversal film 

-High resolution 

-High contrast 

-Good color separation 

Kodak Panchromatlc-X Aerial Black and White, SO-022 


-Panchromatic negative camera film 

-Intermediate speed 

-High contrast 

-Very high resolution 

-Extended red sensitivity 


S190B Film 


Kodak Aerial Color. SO-242 (High Definition) 

-A daylight balanced color reversal film 
-High contrast 

-Good color saturation characteristics 

-Extremely fine grain 

-High resolving power and definition 



Table 4: Alrrraft Data Used 
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All frames were in 9 x 9 inch format 



Figure 1: Skylab coverage of the Susquehanna River Basin. Scenes from Orbit 44 

of SL3 and Orbit 73 of SL4 were used in this study. 



Physiographic map of Pennsylvania showing the three test areas 
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Study Techniques 

The evaluation of Skylab scenes was performed by tWw graduate 
students and one undergraduate senior In Civil Englnaarlng, under the 
supei~vision of a protessci In that department. The work was accomplished 
In Che ORSER laboratory. The analyns performed their first look using 
black and white film on a light Cable with the Old Delft Scanning Stereo- 
scope et magniricatlons of i.SX and 4.5X. This was Che observing cool 
Co which they could best adapt for obtaining a stereoscopic model. 

It became apparent quite early that the incerpretatlon of Skylab 
photography would be heavily dependent upon detailed drainage 
delineation. This was attempted using: 1) a high yiality overhead 

projector, 2) a B lusch and Lomb Zoom Transf erscope (ZTS), and 3) the 
Old Delft scanning stereoscope. After acme Initial trials, the method 
adopted was a combinaticn of methods 2 and 3, that Is, mapping using 
the ZTS with verification frcm the stereo model of Che Old Delft. 

Although a Bausch and Lomb Zoom 95 stereoscope was available, the 
students found it difficult to adj' st because it was not mounted on an 
X-Y staged 

An eflectl''e method of analysis '^equlres that the analyst should 
map slope breaks as well as drainage. Each interpreter established his 
own degree of accuracy in mapping these two feacures. A systematic 
approach was developed which centered around the use of a data form 
designed by the group. This form was filled out for each Skylab and 
aitcrafc scene studied. A sample of such a form appears as Figure 3. 

Skylab Photography Evaluation 

The SIX S190A photcgtaphs and the one S190B photograph (plus 
adjacent frames for stereo viewing) were studied tor each test site, A 
series of photo-elements were chosen for analysts (e.g., slope breaks, 
street patterns, raiirccd i ights-of-way , etc.) and It was determined 
whether each cf these was visible on a particular photograph. A data 
sheet, such as that shown in Figure 3, was compiled for each photograph, 
and the results cf these individual photc-studies were later compiled. 

The area study guides and iirirart ph'tography were used as source 
material, where necessary, to rerlty the Identity of smaller features. 

Terrain Analysis tor the Thice Test Sites 

After the initial analysis of the films available, each cf the 
three students chose a scene from the S190B sensor, determined to be 
the most promising film ferma^^, for evaluation of his test area. 

Standard techniques for aerial photointerpretation developed tot civil 
engineering purposes (Weeden, 1975) were used to analyze the photo- 
graphs. 


‘ORSEP has recently acquired an X-Y mounting for the Zoom 95, and it 
is anticipated that li will be the preterred instrument for further 
studies of this nature 


Mission 

SL-3 

Sensor: 

S190A 

Roll No. : 

48 

Film Type: SO-022 Pan~X BtW 

F rame No . : 

29,30,31 

Bandwidth. Urn: 

mmm 

Orbit No. : 

44 

Filter Type: 

AA 

Location: 

Harrisburg 

Camera Station: 

6 

Date: 

9-16-73 

Transparency Size: 

9x9 



Original Size: 

70 mm. 


General Quality ; Fair to Good/ less contrast and detail than on 

Roll 47. 

Saallest Identifiable Units ; Highways, bridges, interchanges, 
islands in Susquehanna River, some individual farm fields. 

ANT ICIPATED FEATURES OBSERVED F ^.ATURES & COMMENTS 


1. Major folding of Appalachian 
Ridges. 

2. Major Drainage. 

3. Minor Drainage. 

4. Great Valley rolling hills 
topography . 

5. Mountains of Triassic Lowland. 

6. Great Valley carlx/nates. 

7. Little Mountain water gaps. 


1 . Sandstone ridges and slope 
breaks visible. Sands tone- to- 
shale slope breaks visible 
from vegetative change. Lass 
contrast between woodlands ant 
lowlands. 

2. Tonal variations in Susque- 
hanna River present. All 
other major creeks visible. 

3. Dendritic tributaries to 
Swatara, Paxton, and 
Conodoguinet Creeks present. 
All minor drainage less 
visible than on Roll 47. 

4. Visible but much less so than 
Roll 47. 

5. Visible from their vegetative 
cover. 

6. Visible only from the aJbsence 
of drainage. 

7. Little Mountain water gaps 
not visible. 


Figure 3: Sample Skylab photoanalysis data sheet 
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The photographs were initially examined to detet-mine the level 
of refinement possible * or identifying detail without aaslstance from 
aircraft photography oi ocher ground truth Information. This was 
accomplished by deiineacing the derails cl drainage, slope breake, 
vegetation, culture, and soils. 

The Skylab S190B photography was then re-evaluated on the basis 
of details observed on the aircraft undertlight photography and from 
Information obtained from the study guides. In this way the level of 
maximum refinement possible In th^ inte* pretatlon from Skylab photo- 
graphy was determined. 


RESULTS 

Sensor/Fllm Filter Analysis 

The results of the comparison oi the varlo'ia Skylab film formats 
from Che three test areas were 'losely similar. In Table 5, each of 
Che seven sensor / f ilm/f liter combinations is related to a series of 
Cerraln-relatecI features In 'he discussion below, each of Che formats 
are described.^ 

S190A, Sta. 1. B&W IR (0.7-Q.8..m» 

This photography appears at tiist to be of little value in 
terrain studies, as elements of fine detail, such as cultural and farm 
features, are not at all visible. However, this photography is excellent 
for the location of major streaniB, rivers, and reservoirs, which are 
usually difficult to spot amid the aourdant vegetative, farm, and 
cultural features found on ether Sky.ab photography However, as this 
film appears to be sensitive to water svtfaces, rather chan vegetation. 

It is extremely difficult to locate first cr second order drainage, such 
as small screams, creeks, and gullies, which are usually spotted by 
their accompanying vegetation. Braiding features in the Susquehanna 
River are prominant in this photography Water and wind gaps are .•'Elble, 
whereas they are not easily seen In ether Skylab photography. Limestone 
quarries appear as very dark spots <»nd tan be confirmed from underflight 
photography. 

S19QA, Sta. 2, B&W IR fQ.8-0.9jm) 

This film package differs from that of Station 1 only in the 
illter sensitivity. Its value for analyzing terrain features is 
basically the same as that described under Station 1, although many of 
the terrain features used for comparison are slightly mote visible. 

Watev and wind gaps can be seen most readily in this photegtaphy. 


‘^Prepared by Kleeman from the Harrisburg area scenes, 
the other two scenes were closely similar. 


Results from 


Table 5: Evaluation ot Skylab Sensor Systems 
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51 90A. S>.d. 3. C:Icr IR 0. 5 -0 S8 .m) 

The larges': 'cncrast between vacded and rulciviitsd land can be 
seen lu this photography Minor dra.nage '-econd order) tan only be 
idenciried 1 1 o® acc oaipary ing vegetation The resolution of this 
photography is poor, and the i iln is grainy. The presence o£ slight 
color variations and streaking In parts o: the Great Valley may 
indicate carbonate material. Sine veiy dlstln't variations in the 
color of the Susquehanna Rivnr r er most of its length are seen. This 
was seen, to a lesser extent, as tonal variations in the black and 
white photography. The sandsccre ridges and Trlassic igneous Intrusions 
appear in sharp contrast to the i.:wianir and .<alleys, probably due to 
this film's sensitivity co vegetation Qjsccies can be located, 
particularly after tdenciiying them on undetliighi photography. 

S190A, StJ 4, Color Pcs (0 a-U.7 m'» 

This phoccgraphy may be the mos' assiui ct tha 5190 a phorographlc 
packages. ^t is a fine grained iiim which exhibits very good detail. 

It is sensitive to iarmlng practice and valley teatures, and highly 
sensitive to vegetation This 'olct positive pnotcgraphy is much 
sharper in detail than rhe IR ccl'r photography, particularly wit'.i 
respect to valley feat'ires and faim.'.and dstaii. Color Vw.-riatiore and 
streaking provide an indication or the unde;lying mattrial in t’ e 
Great Valley as do quarries and drainage patterns, which indica e 
structural and/or stratigraphic :7*toi Cclct variations in th? 
Susquehanna River art easily -een Ire Appaxachian Moun*:ait ridges 
and the Triasss-C ignecus Intrusicns stand out rhatpl,’. Nothing present 
In this phctcgraphy se'ves to identify distinct oull types or character- 
istics, although mclsrure content as a function of p'cxlmity to drainage 
is occasionally Indicated. 

S190A, 5' a . 5. :?i. W Pan X (0 6 -0 . 7^m) 

This phoingraphy is by tar •'he best bla x and white coverage of 
the Skylab package. ft is a very fine grained film, ptividlng excellent 
detail, Beth major ano miner drainage are distinctly seen, including 
smaller streams and creeks; although first order drainage cannot be 
reliably identified. Valley screams and lela.ed laarures stand cut 
well. Ihc photography Is sensitive to vege.acicn, tarai, and cultural 
leatures Howe’ e- , water and wind gaps are not v:,aible. The 
sensitivity c f: this film to minor drainage pattern.; lends much to the 
analysis n the underlying material. Unlike Station . end Station 2 
phorogr iphy , which showed the sandstone ridges of the Appalachian 
mcuntalnf but net the ridges and xnobs cf the Triasslc igrteous intrusions, 
this photography shows both features in fine da'ail. These features are 
enhanced ooth by relief and by lot esc vegetation The detail of farm 
and cultutal practices in this photography obscutec, tonal variations 
which might provide clues to the underlying sell or reck material. 




DRK5INAB PAGE IS 
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S190A, Sta. 6, B&iW Pan X (0 5-0 6 ti 

This ph; cogr aphy was pi :bdbly ihe nost dissappcintlng of all the 
Skylab photography :or the putprses ct 'h*.s scudy. Nearly every 
terrain feature oonpared le»» ' Isible ci of poorer quality 

In the Station 6 photography than Its counterpart in the Station 5 
pho ographv. Only the contras' oe’ween •ooded and cultivated land 
seemed to be aoaiewhat bette-. 'It l& kr:wn that there was some degree 
of camera malfunction at Station 6 prior tc eKposure ) 

S190B, Color Pos. (0.5-0.9uii! 


A few minutes spenr m examining Table 5 will lead one to the 
immediate conclusion that the 3190B t:>ior phoccg-aphv is unquestionably 
the best of the seven film comolnations rcnsldered. Its resolution Is 
far better than any of the 3190 a photographic systems. The detail of 
valley features is excellent. Major and minor drainage patterns are 
clearly shewn, down to second and sometimes first order drainage. 

Mountain ridges appear in s->arp ointrasr *o iewianda anJ valleys. There 
if excellent overall coniras* and excellent color separation. Street 
patterns, buildings, warehouse-, ractories, and similar structures cau 
he distinguished. A few qia-'ies near Hershey can be identified without 
the aid of underiltght phetograpry The *:lor variations in the 
Susquehanna River ace also ’ i-iole. '^eteiminaticas of soil types at 
this scale, however, is still 'eiy unlikely 

Terrain Analysis Using ol90B Ihotography 

Each test site was s'ld.ed uy an nd'.v’iduai student, using S190B 
photography. After a de=o:ipti.n of the si-e — obtained from the 
literature — the resul'.s or the ph-r. graphic study are summarized, 

Harrisburg Atea ^ 

Tie Harrisburg study area is jL-r'ated in the south-central portion 
of Penney Ivanxa , including portions oi P;-' y. Dauphin, Cumbe'land, and 
York Counties Portions ci the Ridge a ,o Valley, the Appalachian Valley, 
and the Trlassic Lowland Sections =r» repre=er»ed within the area (See 
Figure 2). Elevations vaiy fr:m ^00 tc J dCU feet. Slopes vary from 
level tc steeply sloping, ard 'he "errain is well drained, with the 
exception of a tew low .ylng areas ard assoiiated streams. The bedrock 
geology is dominantly sedimentary. In 'he Ridge and Valley Section the 
sandstones, shales, and lime-r.nes ate loided Into a major syncllne cut 
by the Susquehanna Rivet In the Appalachian Valley (the Great Valley), 
the rocks are generally rlat ly.ng shale, limestone and sandstone. The 
sedimentary rocks of the Triassli Lowland are also relatively flat-lying, 
with knobs and ridges cons'scing of igneotis oasaltlc rock. Trellis 
drainage dominates in the R dge and Valley Section, whereas dendritic 
drainage, at times scbsurrace , .naracter izes the Appalachian Valley and 
the Trlassic Lowland Sections Wocdlards dominacu the rocky ridges, 
while farmlands in g'azing, grains, or irults are found in the valleys. 
Much of this farmland is rapidly being replaced by urban and Industrial 
development surrounding cites suih as Hartisouig and York. 


¥ - 
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Frane o’ trooi Rcii 88 o’ S-am.: SWOB, 5L3, Orbit 44, was chosen 
for study of the Hatriso-r^ a*ea. Tha photo^caphy was taken in 
September. The resul's tnii j'.ay are described Owlow, and a few 
featutec- seen cn the C130 phorog'aphy a^'d the Skylab phctcgraphy are 
compered in Table b 

Land terms and Geology . Tne sand = rcne ridges of the Ridge and 
Valley Seerfen, and the T»s:‘-r.ar,* rr-nts ct the Tiiasslc Lcwlands, 
representing relief ditierer.ces t '00 to 800 feet, ate distinct. The 
rounded hills ot ihe Ma’ * .r,-ou* g shal* cannot be discerned, nor can 
this shale be d if t er tnt la* ed rt.m the limestones ct the valleys. 
Regional strike and dip can oe detemined in the case ot the sandstone 
ridges 






Drainage and Etcsi.r. A large crange in drainage density 
reflects the underlying ge.logy. Dr. 'be besis oi drainage density, an 
approximate bendary tan be drawn sepa.a'ing 'be Mattinsburg shales 
from the limestones tc 'be scutb and the sandsTor.e ridges to the north. 
All first and morC second cider drainage cannc' te discerned; however, 
all third and higher ciders are easily crated. Large s,ale erosional 
features, such as <)are! gaps, ar- ea-lly identitl". r'irs' erder gully 
erosion is net . isible it fhe smali =:al» ot the bxylab photography. 

Coicr-rone-rex'. : . r .C:.:’, rone, and exture patterns at the 
Skylab scale do not ptc' de i*ues tor d it • e • eo' la* ing soiaS or bedrock 
in the Harrisburg area The patts'ns do -Sri:' In classifying general 
vegetaticn lear- i = r Tne heav ii> i-ira.-.o r eg. cos raflett a much 
darker tone ;han the aui’otnotng de seeped land. A noticeable tonal 
variation is seen ir. rr.e M.-quahanr.a Ri e:, moat llxely taused by 
increased turoidity resulting from me 4 i ir.-nes of tain which fell 
over a twe-day period price to the Skylab iroi' It is possible, on 
occasion, tc dil l er sntiate ostwren concrete anc sspnalt highways, from 
the lighter tone leilecteo oy the ronerne. 

Ve geta'-ten tv^e i.-tras’’ b=tv=£n major vegetation types 

was a prime ird'.ca'c: :f .ilepe o'eaks, drainage, and iithoxcglc 
formations, in 'h^t datke' 'ones *’sie re.’ietted from i crested regions 
and lighter tones lndi:at“d cbe: .and use areas Second crier 
streams, whl'h cculd nc* o^ seeri ..n '.hemssives, were s. m=' imes traced 
out by the aid ci .=g£ta:l.on a..ng thsit lour-ies Forested areas 
indicated land which was ex'eiTiveiy steep and stony, ot where the 
soli was poor. Using suon l*d''atcrs, it is possible to roughly 
separate topographic leatcres ard lo map 'he igneras rock areas in the 
Trlassic Lowland Section Agricultural lield patterns are clearly seen 
on this September photography, but it is not possible tc discriminate 
between crops because cl 'he low resolution of this small scale 
photography. 

Cultural feaviies Uroan area= and suburban areas were readily 
distinguished cn the basis ot street pattern density. Agricultural 
areas were easily idettitied by 'he tie.d patterns. Limestone quarries 
ate identifiable witn the assistane c: ae-iai undertijght photography; 
in a few cases, of quart le: ~.= eial thousand feet in length, some relief 
could be detected 


Table 6: 
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Compartsjn oi 5<ylab 3190B Phorci'aphy the Harrisburg 
Area v^th Airc'aS' Ph-’.cgtaphy ci the Seme Area 


C130 Air'.raii Mirsiin 2^1 
Photography 

Paxton Creek visible to Wild«;;cd 
Lake and through Harrirourg .rti. 
It Joins the Susquehanna ki^ar . 

Minor sTeaaas — Spring R r. ana 
Hogestown Run -- vislole lo 'he 
Concdog’j liiet trim rne acuth 

Well diseoted hills visible ;l>-.ng 
to 500 It just north oi S'eelcro 
and just south ot Harrisburg 
terrace 

Deep-cutting Spring Creek and 
other short running sMeaiia 
visible dlsectlng t*'e h'lls sbo e 
Steelton 

A terrace ct glaoial cur«>ash 
alcng the Susquehanna Bi"ei in 
which Harrisburg is bu'’* is 
visible. 

Elevated hills f laing iOO :i 
above stream level barween 
irsanders ot Ccnodcguin‘=t C-esk 
indicate shale joint ccntro. 

Hilly terrain typical ct u:ss' 
Valley south cf raixroad a: 
Butheiiord Heights is visible 

Grid-type pattern or mine: (Irt 
and 2nd order; drainage on Spring 
Creek above 1-83 in Harrlsbirg is 
visible. 

Grid-type pattern ot minor ^Ist 
and 2nd order) drainage and 'epi- 
graphy just south cf the Ctn.d.- 
gulnet near the Susquehanna River 
Is visible 


Sir>.,ab S10O8 Photography 

Paxton Creek visible only to 
W-idvood Lake --nor at all through 
the city ot Har»leburg. 

Minor streams -- Spring Run and 
HjgerCtwn R ir. — visible, but due 
cn^v to egeta*. lor. along them. 

Hills just north cf S-eeltcn are 
n:r visible. Only indication Is 
d’amage tn 'ha' area. 

Spring Creek and other parallel 
r' teams a-e visible mainly from 
VTgetartt'i tn 'he stream banks. 

Hs'rtsburg terrace '••islole from 
relief and ol'y s'-tee' and 
building patterr? 

LOO ft r-.tel net v'lsioLe between 
Tiiandars of Cortdogulrjet Creek. 


Hii^y relief south of railroad at 
Rjrhs'tord Heights not visible, 

1st orde- drainage ntt visible; 

2nd order aralnage. visible in some 
pax ts. 

1st order drainage not visible; 
some 2nd c-der drainage visible. 
Rel.et not visible 


ntinued) 
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Table 6 (continued) 


C130 Aircraft Mission 2H 
P hotogr aph v 

Bethlehem Steel quarries and slag 
pits at Steelton on east bank of 
Susquehanna River visible. 

Water filled quarries at 1-83 in 
Harrisburg and NE oT Hershey 
visible. 

Nuclear reactor and cooling cowers 
at Three Mile Island power 
generating facility visible. 

Farmland and plowed fields in the 
Great Valley visible. 


Skylab S190B Photography 


Relief visible in larger quarries. 
Slag pits visible after locating 
on C130 photography. 

Both sets of quarries visible with 
aid of C130 photography. 


Nuclear reactor building and four 
coding cowers visible. 


Individual plowed fields and 
cultivated fields visible. 


Tj oam^ 

F POOR odoial’' 
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5 Jiis Soii. asa:c lat icr;? ..i-ii cniy be identiftad an a 
regional basis, and no sharp bjur.darv could be drawn sepamtlng soil 
assaclatlcns . It Is believed that the reddish tonal variation observed 
In the Great Valley area retiecte the underlying limestone. 


Sayers Dam Area " 


Tlic Sayers Dam study area is located In the center of 
Pennsylvania and Includes portions ol Cen're and Clinton counties 
(see Figure 2). Portions of the Ridge and Valley and the Allegheny 
Mountain Sections are represented within the area. Elevations vary 
from 550 to 2,200 feet. In the three broad valleys tra'<ersing this 
region the slopes are gentle to mcnerate, whereas they are moderate 
to very steep in the mount^iina The bedrock, which is entirely 
sedimentary, varies trom neatly horizontal in the Alleghany Mountain 
Section to tilted and lolded tn the R;.dge and Valley Section. 

Sandstones form the higher elevations of the mountains, while limestones 
and dolomites (with some shales) are the dominant feature of the valleys. 
Sinkholes and limestone quarries are ccmaion valley features. In areas 
of surface drainage, the streams exhibit a trellis pattern. Locally., 
the groundwater table is seasonably high; evidence of this is seen .'is 
a mottled soil pattern on aerial photographs. Trees, oiiginaily 
covering the area, are new limited to steep and stony mountain slopes 
and valley regions or soil too poor for cultivation cr urban 
development . 

Frame 324 from Roll 91 :f Sender 3190B, SL4 Orbit. 73, was chosen 
for study of the Sayers Dam area, Tnere is a light snew cover on this 
January scene. The results of this study are described below. 

Landforms and Geology , The landf_'m& are detectable on a 
regional basis only. They can be related to the underlying geology, 
but nc sharp boundary line can be drawn separating them In the 
stereoscopic model of the area, '.he resistant sandstone formations of 
the Ridge and Valley aecticn Shere greater than approximately 800 ft 
in relief) stand out. Howe/er, nc. detectable slope break can be 
observed between the ridges and the valleys. Relief features of a 
lesser order cf magnitude than the sandstone ridges can be observed 
in the dissected shale hills ct the Allegheny Frcnt. Effective shadows, 
produced by the combination of the lew sun angle and topographic relief, 
assisted in differentiating the shale bills. Separation cf individual 
members within the shale rormatior. was not possible. A detectable 
break in terrain Is seen sepa;ating the Catskill formation trom the 
Chemung-Poi Cage shale formations and the Pneono sandstone. 

Drainage and Erosion Although relief features separating the 
Pocono from the Pottsvllle sandstone lormatlons cf the Allegheny 
Mountain Section cannot be seen, as the elope differences are not 
readable at the Skylab scale, the separation cf lithologies, from the 
Pocono and Potcsvilie sandstones through the Catskill formation and to 
the shales, is made possible by the noticeable change cf the surface 


Studied by Scott Daelhausen 
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drainage patternb, teliectUig the cha:ige in the ur.aerlying bedrock. 

The Juniata formation, aepaiiting the ruscaioxa and Oswego formations, 
is Identifiable; hcvever, n. sharp erosional boinda'.y Is discernible. 
Large-scale erosion tea»_res, such as water and wind gaps, are easily 
seen. First order dra.^^ge g.li'ei arr-c be ■soen a- this itale. 

One miner erosicnal feature rfas bsei.ed The Catsklll formation is 
believed to be exp(.5ed al'ng the .iepes north of the West Branch of 
the Susquehanna River. The sOuth-faclng slopes permit early snow melt, 
exposing the Cacskill torn£*lcn underlytcg the Pocono and Pottsville 
sandstones. An rxampla u' th.- Biy be in the vicinity of North 

Bend ana Renovc 

Colot-Tcne-Text’i’- e Z'jl. t, f. nai, and i ex'- oral patterns, which 
provide vAluable assistance in detecting and identitying gec^oglcal 
features oi aircraft p.nct 'graphy , ace axii-sc conplecely obscured on 
winter Skylab phct-grapcy c: the 3d>ers Dam ocea due to the 3 to 4 
inches of snow on the ground. Only thr. Ca'.aXill lormatlon, described 
above, is revealed by a : -oddish color on che ph rograph. 

Vegetaticn It. Jar.ary *.ne vegeta'lcn is dcrmanc; however, a 
sharp tonal contrast betwe'^r. ioiested and tthe: land use categories was 
provided by che Light st.cw crv%r In "hi= scans. Fotested regions 
(darker in tene) indi:.ate ioeas oi poc: -is or s*aep terrain, and 

thus are a ulus tc tfe u'‘.deT Lyitg geology. The Ga'e.sburg formation, 
defininf an a'laa "1 urub -a^ Xocwr as "the Barrens," is easily 
identlf'ed as a foseated area .n the center of Nittany Vali.ey. The 
snew loier prevented slgr. ir^lcvtit identif icat l: n of agricultural 
vegetation. 

Cult Ufa 1 tea'vres. Urban a:e«s are eas.ly separated from 
surrounding lard uses. The s'reer parr -ms _n the medium sized towns 
of State College, Beilti-crze, snd Lock Ha en a*e identifiable. Snow 
cover pravented identif I'a*^ ten of agricultural tield patterns. Major 
highways tan be s.sen wber. ntt toscutea by snow. Railroad rights-of- 
way, large industrial btildlcgs, and i-nestcne quarries can be ident- 
ified With the aid ol at.t:-:a:: .r.dexilighc phciography. 

Soils. Ibe snew cover at this time cf year preienti identi- 
fication cr a.il aisc clccicns 

Reading Area ^ 

The Reading are.a Is iur car ed in the scut hweste.rt! pert ion oi Berks 
County. It includes parts ot the Appalachian Valley and the Traisslc 
Lowland Sectioos (see Fig-rrs 2) Elevations vary from 140 to 1120 
feet. Slopes range from level to very steep. A considerable variety 
of bedrock types is found in the area. The Appalachian Valley Section 
(the Great Valley) r.cnslsta cf gently dippnsjg limestones and shales, 
with the highlands cf Reading (the Reading Preng) composed of granitic 
and gneisslc rocks. In the Trtassic Lowlands to the south, several 
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high ridges ot diabase rock are surrounded by limestones, shales, and 
conglomerates. In the Reading highlands, drainage Is structurally 
controlled by a complex fault system, whereas In the remainder of the 
Appalachian Valley Section and in the Trlasslc Lowlands Section the 
drainage has a trellis pattern on folded shale. Just northwest of 
the Highlands area, drainage In a limestone valley is subsurface to 
Che Schuylkill River. Forest lands are largely confined to slopes too 
steep for agricultural use, with the exception of a few cultivated lots 
of conifers found on moderate slopes. The large areal extent of deep, 
productive soils has led to the development of a large variety of 
agricultural activities. Chief among these is dairy farming, grains, 
truck crops, and orchards. Growth of the suburban areas around the 
city of Reading is encroaching on the agricultural land to some extent. 

A few limestone quarries ace found in the area. 

From the comparisons described earlier, it was determined that 
Che S190B color positive film was the most promising for analysis. 
Accordingly, Frame 69 from Roll 88 of Sensor S190B, SL3 Orbit 44, was 
chosen for study of the R ading area. The photography was taken in 
September. The results of this study are described below. 

Landtorms and Geology . Separation of the varied lithologies 
within this area can only be done on a regional scale. The igneous 
formations of Che Reading Prong are roughly delineated from Che 
surrounding lowlands (representing a relief of approximately 700 ft). 

The dissected shale hills cannot be seen, nor can Che limestones be 
separated from the shale formations. 

Drainage and Erosion . Changes in drainage density can be 
effectively used as indicators of changes in bedrock lithology. For 
example, a change in drainage density indicates the approximate 
boundary between the Martlnsburg shales and the bordering limestones 
in the area. First order drainage cannot be seen. Some second order 
drainage is discernible; however, aircraft underflight photography was 
not available to verify the mapping of these. All drainage of higher 
order than second was easily traced. First order gully erosion cannot 
be detected. 

Color-Tone-Texture . In this area, darker tones generally 
indicate limestones and lighter tones indicate underlying shales. In 
some Instances a mottling effect appears tc be observable, further 
substantiating the presence of limestone. Drainage features show up 
as a dark color tone, and a reservoir Just northwes" of Reading shows 
a tonal variation similar to Chat seen in the Susquehanna River in the 
Harrisburg area. The lighter water tonec occur only at the inlet to 
the reservoir and, as in the Susquehanna klver, these are probably an 
indication of turbidity resulting from the 3.8 Inches of which fell 
in the Reading area two days prior to the Skylab pass. Tonal variations 
are not detectable in the smaller screams of the area. Forest 
vegetation can be separated from other land uses on the basis of tone. 

It is also occasionally possible to differentiate concrete and asphalt 
highways, on the basis of the lighter tone of the concrete. 
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Vegetation . Vegetation, in Che form of tonal contrasts, Is 
a prime Indicator of differences In lithology. Forested areas, dark 
in tone, form a rough boundary separating Igneous intrusions from the 
surrounding sedimentary formations, as the forests are largely confined 
to stony and steep slopes. This characteristic, in turn, leads to the 
determination of an approximate boundary between slope breaks. 
Agricultural field patterns are clearly visible, but discrimination 
between crop types Is not possible at the scale of the Skylab photo- 
graphy. Vegetation is occasionally of aid In tracing second order 
drolnage. 

Cultural features . Differentiation between urban, suburban, 
and agricultural areas is comparable tc that found in the Harrisburg 
area, and considerably better chan that found In the January, snow- 
covt red, scene of the Sayers Dam area. 

Soils . It is possible to roughly identify regional soil 
S8 joclatlons. The variety of soils series present and the small scale 
of the photography prevented more detailed discrimination. 

Summary of Results 
Sensor/Film/Filter Analysis 

in terms of film gtain texture and object definition, Che S190B 
color positive film Is dlstirctly superior to the S190A films, when 
both are compared in the 9x9 inch format. Within the six S190A 
films, Che panchromatic bla'.k and white films are superior to the 
infrared black and white, and the color positive film Is superior to 
the color Infrared. 


graphy: 


The following features were visible on ail of the photo- 

a. 

b. 


c. 


Major drainage, such as rivers and their tributary 
creeks. 

The sandstone ridges of the Appalachian Ridge and 
Valley region. 

Limestone quarries (with the aid of aircraft photo- 
graphy) . 


2. The following features were visible on all photography 
with the exception of S190A Stations 1 and 2 (0.7 to 0.8 and 0.8 to 
0.9 micrometers, respectively); 

a. Differences in vegetation (forest versus 
agricultural land). 

b. Second order drainage (from vegetation differences). 

c. Color /tone variations in the water bodies. 

d. Cultural features, such as railroad rlghts-o^-way, 
large industrial buildings, and roads (some with 
the aid of aircraft photography). 

e. The hills formed by the Trlasslc Igneous intrusions. 
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3. The following features were visible only on photography 
from Stations 1 and 2 of the S190A and on the S190B color positive 
photography: 


a. Reservoirs and lakes. 

b. Water anc wind gaps. 

4. The S190B color pcsltive photography was clearly superior 
for Interpretative purposes to any of the S190A photography. 

5. Some Inconsistency in performance between S190A camera 
Stations 5 and 6 was detected. 

Terrain Analysis 

Landforms and Geology . Minimum relief differences on the order of 
500 to 100 feet could be detected by stereoscopic study, however, It 
Is not possible to determine to what extent vegetation and cultural 
practices assist In such delineations. The line of separation between 
highs and lows could not be consistently mapped. Secondary clues, such 
as shadows on winter photographs, led to an Interpretation of relief 
in some Instances. Gentle rolling relief related to limestone, dolom.lce, 
and shale In the valleys could not be detected. The Igneous rock highs 
of the Reading Prong In the Great Valley were easily seen. In part due 
to vegetation and In part as a function cf relief. Regional geologic 
features could be delineated, using topography, drainage patterns, 
vegetation, and cultural patterns. However, specific lithologic members 
of a formation could net be differentiated. Strike and dip could be 
determined on a regional basis, but verification from ground truth was 
needed. 


Drainage and Eroslcn . Water and wind gaps through major 
ridges were easily seen. Streams cf third order and larger were 
clearly visible and easy tc trace. Second order screams could some- 
times be Identified and traced, but not with consistency. First order 
streams and gullies, on which much erosion analysis depends, could not 
be detected. Changes In drainage density frequently could be used as 
an indicator cf differences in lithology. Shadows, especially on Che 
winter scene, and vegetation were of assistance In tracing drainage. 

Color-Tone-Texture . Differences in color, cone, and textural 
patterns rarely supplied clues for differentiating soils or bedrock. 

In some Instances, darker tones indicated underlying limestones and 
lighter tones Indicated shales. Rarely, mottling substantiated the 
presence of limestone. In one Instance it was chough that a reddish 
tone Indicated Che presence of the Catsklll formation; In another, 
that It Indicated limestone in the Great Valley. Tonal variations 
were detected In Che Susquehanna River and In one reservoir. It Is 
suspected that this was a function of suspended silt from a heavy rain. 
Forest vegeatation was easily separated from other land uses on the 
basis of cone, and developed land was separated from agricultural land 
on the basis of the textural pattern of streets. Concrete and asphalt 
highways were occasionally separable cn the basis of the lighter tone 
of the concrete. 
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Vegetation. The separation of naturally forested areas from 
areas of cultivation and pasture was effective and a valuable clue to 
the underlying geology. It was possible to separate large plantings of 
conifers from deciduous trees, especially on winter scenes. Field 
patterns were not seen on the snow covered winter scenes, but were 
readily seen on the September scenes, although crops could not be 
Identified. Vegetation was frequently a valuable clue in tracing 
second order drainage. 

Cultural features . Suburban and industrial developments were 
clearly differentiated from urban areas and surrounding agricultural 
fields. Street patterns, field patterns, reservoirs, highways, and 
large bridges were identifiable. Utility and railroad rlghts-of-way , 
quarries, and large industrial buildings could occasionally be 
identified of themselves, but most often had to be verified from 
underflight photography and/or ground truth. 

Soils . Soil associations could be Identified on a regional 
basis, but no sharp boundary could be drawn separating soil associations. 
Occasional tonal variations seemed to indicate the presence of particular 
soils, but again no sharp boundary could be drawn. No soils information 
was obtained from the January snow covered scene. 

CONCLUSIONS AND RECOMMENDATIONS 

It is clear from this study that the S190B color positive film in 
the 9x9 inch format is superior to any of the S190A films in the same 
format. It is possible, however, that this Is a function of the fact 
that the original S190B film is 5 x 5 Inches, whereas the original S190A 
film is 70 x 70 mm. Thus, the S190B film has been magnified to a lesser 
extent than the S190A to obtain the same size transparency. 

Within the S190A films, the panchromatic black and white is 
generally superior to the infrared black and white, although water 
feature definition and that of water and wind gaps are distinctly 
clearer on the Infrared film. The color positive film of the S190A is 
superior to the color infrared film. This may be a function of the 
fact that the three wavelengths registered by the emulsion of the color 
IR film are longer than those of the color positive film. As the 
photography is enlarged, the distortion brough about by this difference 
is accentuated. 

In terrain mapping from the S190B photographs, it is clear that 
drainage pattern mapping is a key to identif icar.ion of many features. 
Drainage to the level of third order streams can be consistently mapped, 
and second order streams are frequently discernible with the aid of 
vegetation and shadows. Vegetation at the level of forests versus 
agricultural land car. be consistently mapped, and in some cases larger 
areas of conifers can be differentiated from deciduous trees, especially 
on winter scenes. 
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On the basis of street patterns, suburban and industrial land 
can be differentiated from urban areas and from surrounding forest and 
agricultural land Field patterns are easily seen, but crops cannot 
be determined. Reservoirs, highways, and latge bridges can be mapped, 
and concrete highways can occasionally be differentiated from asphalt. 
With the assistance of grout.J truth or underflight photography, utility 
and railroad rights-of-way, quarries, and large industrial buildings 
can be located. 

The level of generalization at which soils can be mapped 
compares well with the soil association maps prepared by the Soil 
Conservation Service. 

Photoanalysib techniques applied tc Skyiab S190B photography can 
yield a regional map of considerable value. Landforms with minimum 
relief differences of Sno-800 ft can be mapped relatively consistently, 
and lesser relief differences can be discerned in some instances, with 
the assistance of shadows and vegetation differences. Clues such as 
topography, drainage pattern differences, vegetation, and cultural 
patterns reveal the regional geo.ogy on the formation level, and 
regional structural orientation can often be determined. 

Extensive ground truth, underflight photography, and information 
from the literature were used during the course a': this study tc verify 
the Identification of features seen on the Skyiab photography. However, 
the consistency with which three operators have identified features in 
three different geographic areas seems to indicate mat regional mapping 
on the level herein described, using S190B photography, is feasible for 
areas for which little or no ground truth is available. 

This study was conducted using the Old Delft Scanning Stereo- 
scope and the Bausch and Lomb Zoom Transf erscope. It is believed that 
mounting the Bausch and Lomb Zoom 95 Stereoscope cn an X-Y stage would 
make it an instrument superior, for this type of analysis, to the Old 
Delft. 
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PHOTOINTKKPHETATION OF SKY1>B PHOfOCRAPHY 

H. A. Ueadan, C. Kloi'iaan, S. Oaolhauaen, and C, Haalar 


Skylab acenra from Chrae different areaa In Pennaylvanla were atudled for their uHt-fulnraa In 
terrain analyela. The etudy waa conducted In two parta. First, photonraphy from the SIVOA and 
S190B aensors were compared, with the result that the S190B color positive film was •elected as Che 
best In overall quality for terrain analysis. Terrain analyses of the three study areas were then 
made, using the S190B photography. The sunaarlzed results are as follows: 

Senaor/Fllm/Fllter Analysis 

1. The following features were visible on dll of the photography: 

a. Major drainage, such as rivers and their tributary creeks. 

b. The sandstone ridges of tie Appalachian Ridge and Valley region. 

c. Llcaestone quarries (vlch verification from underflight alrcratt photography). 

2. The following features were visible on all photography with the exception of that 
from S190A stations 1 and 2 (0.7 to 0.8 and 0.8 to 0.9 micrometers, respectively): 

a. Differences In vegetation (forest versus agricultural land). 

b. Second order drainage (from vegetation differences). 

c. Color/tuiie variations In silted water bodies. 

d. Cultural features, such as railroad rlghts-of-w.iy, large Industrial buildings, 
and roads (some with verification from underfllght aircraft photography). 

3. The following features were visible only on photography from stations 1 and 2 of 
the S190A and the S190B color positive photography: 

a. Reservoirs snd lakes. 

b. Water and wind gaps. 

4. The S190B color positive photography was clearly super'or, for Interpretive purposes, 
to any of Che S190A photography. 

5. Some Inconslatency in performance between S190A camera stations 5 and b was detected. 
Terrain Analysis 

1. Ksllef differences of 600 to 800 feet could be detected, with some Indications of 
lower relief features from shadows and vegetation. 

2. Regional geological features could be delineated from topography, and from patterns 

of drainage, vegetation, and cultural features. Regional strike and dip was Indicated, 
but should be verified by ground truth. 

3. Water and wind gaps, and drainage Larger than second order were clearly visible. 

Changes In drainage density were an Important Indicator of geology. 

4. Color and tonal changes gave Inconclusive evidence of soil and underlying bedrock. 

Tonal differences clearly differentiated forest vegetation from cultivated fields. 

In some cases, concrete highways could be differentiated from asphalt on the basis of 
tone. Tonal differences In water bodies Indicated the presence of silt. 

i. Textural dlfferencles were used to Identify urban, suburban and Industrial, and 

agricultural land uses. The presence of utility and railroad rlghts-of-way , quarries, 
and large industrial buildings required aircraft underfllght photograpiiy for verification. 

6. Field patterns could easily be seen, although crops could not be identified. The level 
of generalization at which soils can be mapped compares well with the soli .issoclatlon 
■ape prepared by the Soli Conservation Service. 


